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+LJKSHUIRUPDQFHRUGHUHGQDQRSRURXVPHPEUDQHVIURPEORFNFRSRO\PHUV
16DQQD.RWUDSSDQDYDU3=DYDOD5LYHUD46RQJ6$$O0XKWDVHE(6LYDQLDK
8QLYHUVLW\RI&DPEULGJH8.4DWDU8QLYHUVLW\4DWDU
$PRQJ WKH GLIIHUHQW VWUDWHJLHV WR SUHSDUH QDQRSRURXVPDWHULDOV EORFN FRSRO\PHU %&3 VHOI
DVVHPEO\ KDV VKRZQ UHPDUNDEOH SRWHQWLDO WRZDUGV SUHSDUDWLRQ RI KLJKO\ RUGHUHG QDQRSRURXV
ILOP WHPSODWHV ,Q D VHOI DVVHPEOLQJ SURFHVV FRYDOHQWO\ FRQQHFWHG FKHPLFDOO\ GLVVLPLODU
SRO\PHUEORFNVSKDVHVHSDUDWH LQWRRUGHUHGQDQRVWUXFWXUHVZLWK OHQJWKVFDOHVRQWKHRUGHURI
WHQV RI QDQRPHWUHV 6HOHFWLYH UHPRYDO RI WKHPLQRU SKDVH IURP VHOIDVVHPEOHG SRO\PHU WKLQ
ILOPV OHDGV WR VHOIVWDQGLQJ QDQRSRURXV PHPEUDQHV %\ VHOHFWLQJ WKH ULJKW FRPELQDWLRQ RI
WHPSODWH PDWHULDOV VHYHUDO IDFWRUV VXFK DV SRUH VL]H SRUH GHQVLW\ DQG SRUH VKDSH FDQ EH
HDVLO\FRQWUROOHGLQDUHVXOWLQJPHPEUDQH3RUHVL]HLQEORFNFRSRO\PHUPHPEUDQHLVGHILQHGE\
WKH VL]H RI WKH UHPRYHG PLQRU FRPSRQHQW  7KH XQLTXH SRUH VL]H SDWWHUQ DQG WKHLU XQLIRUP
GLVWULEXWLRQ PDNHV WKHVH QDQRSRURXV PDWHULDOV DGYDQWDJHRXV RYHU FRQYHQWLRQDOO\ SUHSDUHG
DV\PPHWULFPHPEUDQHV 7KHPRUSKRORJ\ GHSHQGV RQ WKH FRPSRVLWLRQ RI WKH FRSRO\PHU DQG
YROXPHIUDFWLRQRIRQHRIWKHFRQVWLWXHQWEORFNV

)LJXUHD6FKHPDWLFVRIEORFNFRSRO\PHUFRDWHGDV\PPHWULFPHPEUDQHDQGE6(0FURVV
VHFWLRQRIDV\PPHWULF3,%&3PHPEUDQH

:HH[SORUHEORFNFRSRO\PHUVSRO\VW\UHQHEORFNSRO\PHWK\OPHWKDFU\ODWH >36E300$@PDGH
LQWRQDQRSRURXVPHPEUDQHVLQDSURFHVVFDOOHGFROOHFWLYHRVPRWLFVKRFN&26WRDUDQJHRI
FRQWDPLQDWHGZDVWHZDWHUWUHDWPHQW7KH&26SURFHVVDOORZVWKHJHQHUDWLRQRIQDQRSRUHVWKDW
FDQ EH DQ RUGHU RIPDJQLWXGH VPDOOHU WKDQ WKH WHPSODWH QDQRVWUXFWXUHV IURPZKLFK WKH\ DUH
IRUPHG8VLQJDSRO\LPLGHXOWUDILOWUDWLRQ3,8)PHPEUDQHVXSSRUWWKLQILOPRIEORFNFRSRO\PHU
aQP VNLQ OD\HUVZHUH FRDWHG DQG IXUWKHU SURFHVVHG WR VHOHFWLYHO\ UHPRYHRI RQHEORFN
300$ WKHUHE\ ZHOO RUGHUHG SRUHV ZHUH LQGXFHG DV VKRZQ LQ )LJXUH D $PRQJ VHYHUDO
DGYDQWDJHV FROOHFWLYH RVPRWLF VKRFN LQGXFHV DV\PPHWULF SRUH VWUXFWXUH ZLWK WLQ\ SRUHV 
QP RQ WRS RI XQGHUO\LQJ ODUJHU SRUH FKDQQHOV WKDW KHOS KLJK SHUPHDWH IOX[HV $V SUHSDUHG
PHPEUDQHV)LJXUHEZHUH WKHQ WHVWHG IRU UHPRYDORI UDQJHRIFRQWDPLQDQW IHHGV LQFOXGLQJ
DTXHRXV VROXWLRQV RI G\H XUHD VDOW DQG RUJDQLF VROYHQW ILOWUDWLRQ DSSOLFDWLRQV &RQWDPLQDQWV
IURP DTXHRXV VROXWLRQV KDYH VKRZQ JUHDWHU UHMHFWLRQ SHUIRUPDQFHV ZKLOH PDLQWDLQLQJ KLJK
SHUPHDWH IOX[HV +LJK VROXWH UHMHFWLRQ DW ORZ SUHVVXUH RSHUDWLRQV PDNHV WKHVH PHPEUDQHV
FRPPHUFLDOO\YLDEOHDQGDWWUDFWLYH
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
)LJXUH  D 3KRWRJUDSK VKRZLQJ FRORU UHPRYDO DV VHHQ IURP WUDQVSDUHQW IHHG WDQN WR
SHUPHDWH OLQH DQG E FRPSDUDWLYH G\H VHSDUDWLRQ DQG SHUPHDWH SURILOH WHVWHG IRU ERWK
FRPPHUFLDO3,8)DQGEORFNFRSRO\PHUFRDWHG8)3,%&3PHPEUDQH

5HMHFWLRQ RI PRUH WKDQ  RI D GLVSHUVLYH G\H PDODFKLWH JUHHQ R[DODWH 0*2 ZDV
REWDLQHG ZLWK EORFN FRSRO\PHU FRDWHG 8) PHPEUDQH 3,%&3 ZLWK FOHDU HYLGHQFH RI SXUH
SURGXFW ZDWHU SHUPHDWLQJ LQ D ORZ SUHVVXUH  EDU RSHUDWLRQ DV VKRZQ LQ )LJXUH D 7KH
GHFRORUL]DWLRQSURFHVVUHPDLQVDOPRVWFRQVWDQWWKURXJKRXWWKHUDQJHRIDSSOLHGSUHVVXUHV
7DLORULQJ WKHSURSHUWLHVRIEORFNFRSRO\PHU OD\HUVLPSO\E\FKDQJLQJ WKHPROHFXODUZHLJKWVRI
WKH GHJUDGDEOH EORFN DOORZHG WKH VXFFHVVIXO WHVWLQJ RI D ODUJH UDQJH RI VROXWHV UHSUHVHQWLQJ
ILOWUDWLRQIURPWKHUHYHUVHRVPRVLVWRXOWUDILOWUDWLRQOLPLWV

&26 SURFHVVHG RSHQ QDQRVWUXFWXUHV LQ D EORFN FRSRO\PHU PHPEUDQH OD\HU VKRZ H[FHOOHQW
GLPHQVLRQDO VWDELOLW\ DW KLJK SUHVVXUH RSHUDWLRQV WHVWHG XS WR  EDU $V D UHVXOW RI 89
FURVVOLQNLQJDQGVXEVHTXHQW LQWHUFRQQHFWHGQHWZRUNVWUXFWXUHZLWKFROXPQ OLNHDUUDQJHPHQWV
WKHULJLG36PDWUL[UHLQIRUFHVWKHPHFKDQLFDOVWDELOLW\LQWKHPHPEUDQH6R36PDWUL[VWUXFWXUH
LV VWDEOH HQRXJK WR DYRLG FROODSVLQJ XQGHU KLJK DSSOLHG SUHVVXUH WKHUPDO GHIRUPDWLRQ DQG
VROYHQW WUHDWPHQW%ORFNFRSRO\PHUPHPEUDQHVKDYHJRRGVXUIDFHUHJHQHUDWLRQSURSHUW\ZLWK
H[FOXVLYHSRUHVIDFLQJFRQWLQXRXVO\DJLWDWHGIHHGPL[WXUHVKRZHGVWDEOHUHMHFWLRQSHUIRUPDQFHV
IRUDUDQJHRIDSSOLHGSUHVVXUH
5HIHUHQFHV
$FNQRZOHGJHPHQW
7KLV SXEOLFDWLRQ ZDVPDGH SRVVLEOH E\ WKH VXSSRUW RI DQ 1353 JUDQW IURP WKH 415) 7KH
VWDWHPHQWVPDGHKHUHLQDUHVROHO\WKHUHVSRQVLELOLW\RIWKHDXWKRUV

 ($-DFNVRQ0DUF$+LOOP\HU1DQRSRURXV0HPEUDQHV'HULYHGIURP%ORFN&RSRO\PHUV
)URP'UXJ'HOLYHU\WR:DWHU)LOWUDWLRQ$&61DQR±
 3 =DYDOD5LYHUD . &KRQQRQ1 9LQFHQW ( 6LYDQLDK 6. 1DWDUDM ' .DEUD5+
)ULHQG6$$O0XKWDVHE&ROOHFWLYH2VPRWLF6KRFNLQ2UGHUHG0DWHULDOV1DWXUH0DWHULDOV

.H\ZRUGVEORFNFRSRO\PHUQDQRSRURXVQDQRILOWUDWLRQFRORXUUHPRYDO

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